INTRODUCTION {#sec1-1}
============

The use of liquid-based cytology has many advantages over the conventional smears including better cytomorphology with lack of air-drying artifacts allowing a higher detection rate of squamous epithelial abnormalities. This is especially true for high-grade squamous intraepithelial lesions (HSIL), reaching up to a 233% increase in HSIL detection in one study.\[[@ref1]\] ThinPrep^®^ (TP) is one of the liquid-based preparation for evaluation of cervical specimens as Papanicolaou (Pap) test. An earlier large study in 1999 by Dνaz-Rosario and Kabawat showed a 102% increase in HSIL detection with the TP Pap Test versus the conventional Pap smear.\[[@ref2]\] Both studies also found increases in low-grade squamous intraepithelial lesions (LSIL) detection as well.\[[@ref1][@ref2]\]

Another important advantage of the TP liquid-based preparation is the reduction in the unsatisfactory rate in comparison to conventional smear. Lee *et al*., showed a significant increase in both the satisfactory specimens as well as a reduction in the number of "satisfactory but limited by" specimens using the TP method.\[[@ref3]\]

A TP Pap Test slide is clearer, easier to read, and minimizes obscuring blood, mucus, and nondiagnostic debris, compared to a conventional smear enabling increased accuracy for both manual assessment and computerized assessment of the cells. However, since the adoption of the liquid-based cytology in many laboratories across the US, there are still a measurable number of unsatisfactory smears (UNS).\[[@ref4]\] One of the well-known and documented causes of unsatisfactory material is blood contaminated cervical cytology specimens which not only affects interpretation, but may also hide significant epithelial abnormalities.\[[@ref4][@ref5]\]

Many cytology laboratories in the US have implemented an acetic acid wash (AAW) method of reprocessing unsatisfactory PreservCyt samples and have shown that this method reduces the unsatisfactory rate and enhances the ability to detect cellular abnormalities in these specimens. The studies by Bentz *et al*.\[[@ref6]\] and Islam *et al*.\[[@ref7]\] showed AAW could reduce unsatisfactory TP cytology results by approximately 62% and could detect epithelial abnormalities in reprocessed TP specimens. The most common epithelial abnormality identified in these specimens was atypical squamous cells of undetermined significance (ASCUS).\[[@ref6][@ref7]\] [Figure 1](#F1){ref-type="fig"} shows photomicrographs of a case, which was unsatisfactory due to scant cellularity and obscuring by blood and became satisfactory after AAW.

![Images of pre- (1) and post (2)-acid wash ThinPrep^®^ cervical cytology specimens (a, ×4; b, ×40)](CJ-12-23-g001){#F1}

Importantly, a study from our institution by Feng and Husain\[[@ref8]\] showed that processing of bloody specimens with AAW did not appear to significantly affect high-risk human papillomavirus (HPV) DNA testing in specimens with an ASCUS interpretation and no statistically significant difference were also noted with regards to age, percentage HPV DNA positivity, or viral load between pretreated and untreated cases. Feng and Husain also showed that the unsatisfactory rate was reduced from 8% to 3%.\[[@ref8]\] Comparable reduction rates were reported by other laboratories.\[[@ref6][@ref7]\]

In the current study, we evaluated the adequacy and final cytopathologic interpretation patterns among the specimens undergoing AAW protocol and compared the results with randomly matched non-AAW specimens reported during the same time period.

MATERIALS AND METHODS {#sec1-2}
=====================

Out of 23,291 TP cervical cytology specimens over a 4 months period, 2739 underwent the AAW protocol because they were initially UNS with scant cellularity due to blood or were grossly bloody. We then randomly selected a matched set of 2739 cases which did not undergo AAW from the same 4-month time period. The matched group was selected both temporally and by number of cases. This would allow for allow better analysis of the differences in the rates of abnormal interpretations and adequacy status.

We reviewed diagnostic reports of the cases for adequacy and final interpretation as UNS, ASCUS, LSIL, or HSIL. The data were statistically analyzed in order to compare the AAW group and the control non-AAW group. The Chi-square test was used to determine statistical significance.

The details of the AAW protocol used in our laboratory are as follows. The specimen is poured into a 50 ml centrifuge tube and is centrifuged for 10 min at 1500 rpm. The supernatant is carefully decanted and discarded. Thirty milliliter of CytoLyt/glacial acetic solution is added to the tube and the tube is vortexed for 10 s. The specimen is then centrifuged at 1500 rpm for another 10 min. The supernatant is again decanted and discarded, and the cell button is resuspended in 20 ml PreservCyt medium and then processed as a usual TP specimen.

RESULTS {#sec1-3}
=======

Of the 23,291 TP cervical cytology specimens 5478 were included in the study. These included 2739 cases that underwent AAW protocol since they were UNS with scant cellularity due to blood or were grossly bloody at initial examination (AAW set). In addition, a control group of 2739 matched cases which did not undergo AAW protocol (control group) were also included in the study. The matching of the study case sets was done both temporally and by the number of cases in order to allow better analysis of the differences in the rates of abnormal interpretations and adequacy status.

Of the 2739 "AAW" cases that underwent AAW protocol, 2580 (94.2%) were subsequently satisfactory for evaluation. The cytopathologic interpretations of these cases were: 135 (4.9%) ASCUS, 102 (3.7%) LSIL, and 28 (1%) HSIL. In the matched "control" group of 2739 cases which did not undergo AAW protocol, 96.3% were satisfactory for evaluation with 151 (5.5%) ASCUS, 139 (5.1%) LSIL, and 19 (0.7%) HSIL \[[Table 1](#T1){ref-type="table"}\]. The difference in the cytopathologic interpretation patterns between the two groups, study set and control groups, was statistically insignificant (*P* = 0.33) for ASCUS. [Figure 2](#F2){ref-type="fig"} shows photomicrographs of cases in each interpretive category.

###### 

Number of cases and percentages in the interpretive categories of ASCUS, LSIL, and HSIL - AW versus Non-AW
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![Images of post acid wash (1) and nonacid wash (2) ThinPrep^®^ cervical cytology specimens with abnormalities (a, atypical squamous cells of undetermined significance × 40; b, low-grade squamous intraepithelial lesions × 40; c, high-grade squamous intraepithelial lesions ×40)](CJ-12-23-g003){#F2}

Although there were 32% more HSIL cases in the AAW group (28 in AAW vs. 19 in the non-AAW control group), the difference was statistically not significant (*P* = 0.18). The AAW group of cases, however, had relatively fewer cases with LSIL interpretations as compared to the control group with statistically significant difference (*P* = 0.02).

Further despite performing the AAW protocol, the percentage of UNS cases remained relatively higher in the AAW group (5.8% in AAW vs. 3.7% in non-AAW control group). This was statistically significant (*P* \< 0.01).

DISCUSSION {#sec1-4}
==========

The AAW protocol is clearly of great clinical benefit. However, the unsatisfactory rate remained higher in the AAW group compared to the control group. The satisfactory rate of 94.2% in the AAW group was significantly higher than the specimens with blood contamination at the initial examination. This improvement represented a great cost reduction in clinical care by preventing a return clinic visit and repeat Pap test for many women at our institution. This benefit has also been reported by many other publications.\[[@ref5][@ref6][@ref7][@ref9][@ref10][@ref11][@ref12]\]

This is the first study, to our knowledge, in which a set of cases undergoing a pretreatment with acetic acid was compared to a matched set of cases which did not undergo the AAW protocol in order to compare interpretation patterns. The matching of the case sets both temporally and by the number of cases, allowed us to better analyze the differences in the rates of abnormal interpretations and adequacy status.

The rate of ASCUS interpretations for both the groups were comparable (5.5% for AAW vs. 4.9% control cases, *P* = 0.33). Previous studies demonstrate the pretreatment with acetic acid (AAW) does not hinder the use of the TP residual specimen for HPV DNA testing. This is a critical ancillary test in the clinical triage of gynecology patients to colposcopy with the diagnosis of ASCUS.\[[@ref8][@ref13]\]

There were 32% more HSIL interpretations in the AAW group (28, 1%) as compared to the control non-OA group (19, 0.7%). However, this difference was statistically insignificant (*P* = 0.18). The statistical insignificance may be due to the low number of HSIL cases in comparison to the rather large denominator of thousands of samples.

A few other studies have shown higher rates of high-grade lesions, as well as glandular lesions, and cancer in bloody Pap smear samples compared to without blood contamination.\[[@ref5][@ref6][@ref12][@ref14]\] This finding makes the use of AAW protocol even more important, as missing a high-grade lesion could be of great detriment to the patient.

The prevalence of LSIL interpretation was lower in the AAW group (3.7%) as compared to the control non-AW group (5.1%) with statistically significant difference (*P* = 0.02). Although the explanation for this finding was not obvious, one potential reason may be that LSIL clinically do not produce bloody TP samples as often as other cervical lesions. Another possibility is that somehow the AAW protocol itself is directly decreasing the rate of interpretation of LSIL, possibly by altering the morphology of the dysplastic cells. Cohen *et al*., reported that AAW increased the false-positive rate of atypical endocervical glandular lesions by demonstrating that on follow-up the AAW treated cases had significantly fewer lesions on biopsy than the control group.\[[@ref15]\] They concluded that the AAW protocol affected the morphology of the endocervical cells in the sample, thereby leading to false-positive interpretations.\[[@ref15]\] This may suggests that AAW protocol could also potentially alter the morphology of squamous epithelial cells.

CONCLUSION {#sec1-5}
==========

Our findings demonstrate that the pretreatment with acetic acid is of great benefit in reducing the unsatisfactory rate of bloody cervical cytology specimens. The rate of interpretation of ASCUS was the same between AAW and control groups. The rate of HSIL was relatively higher in the AAW group, and the rate of LSIL was significantly lower. Further studies may be needed to help elucidate the finding of a relatively decreased number of LSIL in AAW group.
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